`2 23 Abstract To escape or alleviate low temperatures in winter, insects have evolved 24 many behavioral and physiological strategies. The rice pest insect, the purple stem 25 borer, Sesamia inferens (Walker) is currently reported to be expanding their northern 26 distributions and causing damage to summer maize in Xinxiang, China. However, 27 their method of coping with the lower temperature in the new northern breeding area 28 in winter is largely unknown. This paper investigates the overwinter site of S. inferens, 29 and identifies the cold hardiness of larvae collected from a new breeding area in 30 winter and explores a potential distribution based on low temperature threshold and 31 on species distribution model, MaxEnt. The results show that the overwintering 32 location of the S. inferens population is more likely to be underground with increasing 33 latitude and,in the north, with the temperature decreasing, the larvae gradually moved 34 down the corn stalk and drilled completely underground by February 18 th . Those who 35 were still above ground were all winterkilled. The cold hardiness test shows the 36 species is a moderate freeze-tolerant one, and Supercooling Points (SCP), Freezing 37 Points (FP) and mortality rate during the middle of winter (January, SCP: -7.653, FP: 38 -6.596) were significantly lower than early winter (October) or late winter (March) . 39 Distribution in the new expansion area was predicted and the survival probability area 40 was below N 35° for the Air Lower Lethal Temperature (ALLT 50 ) and below N 40° 41 for the Underground Lower Lethal Temperature (ULLT 50 ) , The suitable habitat areas 1 Introduction 51 Temperature is the main abiotic factor that determines the growth and breeding 52 of ectotherms. The distribution of most insects is directly related to extreme 53 temperature (Sunday et al., 2012) . The minimum temperature in winter which 54 determines the survival rate of insect wintering populations is an important factor 55 limiting the potential geographical distribution of insects (Bale, 1996; Stahl et al., 56 2006), particularly in ectotherms, setting northern range limits (Stahl et al., 2006 ; 57 Gray, 2008; Calosi et al., 2010) . The low temperature in winter constrains the 58 behavioral strategies of colonial insects (Labrie et al., 2008) , such as migration, 59 drilling holes in refuges or making a thick cocoon, to avoid winterkilling. Insects also . 65 The purple stem borer, Seramia inferens Walker, belongs to the order 66 Lepidoptera, Noctuidae, and Sesamia. They are polyphagous insects and their hosts 67 are mainly gramineous crops or weeds such as rice, wheat, maize and they could live 68 for a whole generation on rice, water shoots, and maize (Guo, 2017) . With the 69 changes in the farming system, crop distribution, and use of pesticides, S. inferens is 70 gradually becoming a significant rice pest in many parts of China (Chen et al., 2015) . 71 S. inferens is distributed in rice-producing countries, mainly in Asia, the India 72 Peninsula, Bangladesh, Myanmar, Thailand, Malaysia, Taiwan, Pakistan and Japan. In 73 China, the species is distributed south of N 34 degrees latitude (Zhang, 1965) , The 74 ranges are consistent with research by Ezcurra et al., (1978) . Based on the cold 75 resistant characteristics and field experiments of S. inferens, the distribution area was 76 also agreed to be south of N 34 degrees latitude by Gu (1985 China (Xie et al., 1985) . However, studies on overwintering strategies of the pest in 87 the maize planting area and cold tolerance of S. inferens in the new expansion area 88 remain inadequate. 89 In this study, the behavioral strategies were confirmed by investigating the 90 overwinter site and survival of S. inferens in early-middle-late winter in the field. The 91 diapause larvae were also collected and the cold hardiness was measured, and a in Leather (1993) . After testing, death was assessed by the lack of mandibular and 137 body movement after 6 hours recovery at 24℃ and a mortality rate was identified by 138 the chill-coma recovery numbers. All sample larvae were then dried at 65℃ for 48 h 139 in a drying oven and then weighed again, to determine the water content of each larva. experiments were carried out to measure the thresholds for the long-term survival of S. 153 inferens at a constant temperature, separated into 4 times (Nov 9 th , Dec11 th , Jan 28 th , 154 Feb 19 th ) and 7 gradient low temperatures (0℃, -5℃, -10℃, -15℃, -20℃, -25℃, and 155 -30℃). 7×20 larval replicates were treated each time and each larva was also placed in 156 a separate 0.5 ml plastic tube as mentioned above. All replicates were placed in a 0℃ 157 freezer for a 12 hour cold treatment, and then 20 replicates were taken out and placed 158 at ambient temperature for 24 hours to determine whether they were alive when 159 moving or dead. The number of dead larvae was recorded. Those remaining replicates 160 then experienced -5 ℃ for 12 hours by reducing the freezer to the next temperature (Andersen et al., 2015) . In this study, because the sampled 167 larvae on different dates showed similar mortality rates after exposure to different 168 temperatures, the data of the sample dates were taken together to calculate the 169 ALLT 50, and the ALLT 50 value was -4.5 ℃. Table 1 and S1 Table   206 2). 60% of total district (city) occurrences were used for model calibration (training 207 data: 98 districts) and the remaining for model validation (test data: 49 districts). 224 The S. inferens population was closer to the ground with increasing latitude in late 225 winter and 100% and 75% of overwinter individuals were underground in northern 226 locations in XX and NJ, respectively. But in southern regions, CS and XY, they were 227 mainly 0-10 cm AG (Fig 1) . p<0.0001, n=100) ( Fig 5B) . The regional survival ratio was calculated with both 291 ALLT 50 and ULLT 50 based on low temperature threshold. ≥50% probability survival 292 regions were below N 35° due to the ALLT 50 and below N 40° due to the ULLT 50 293 ( Fig 6A) . 294 The MaxEnt model predicted potential distribution of S. inferens with a high 295 accuracy test AUC value of 0.97 and training AUC value of 0.981(S1 Fig 2) , and 296 three temperature-variables: BIO6 (minimum temperature of coldest month), BIO10 297 (mean temperature of warmest quarter), and BIO2 (mean of monthly difference of 298 maximum and minimum), which showed a top three permutation importance on the 299 model (S1 Table 3 ). Model predictions closely matched the new overwinter site and 300 also showed potentially suitable districts in north regions, and predicted suitable 301 habitat areas of S. inferens below N 40°, and the most suitable areas were below N 302 38° ( Fig 6B) . This means that the underground overwinter temperature boundary 303 defined by the ULLT 50 is reliable, and overwinter strategies overcoming the 
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